IMPORTANCE Among smokers with head and neck squamous cell carcinoma (HNSCC), there is ample evidence regarding the benefits of smoking cessation prior to treatment. Prior data indicates that increased attempts at cessation result in higher likelihood of cessation after diagnosis but the prediagnostic patterns of smoking cessation attempts among those smokers developing HNSCC has not been characterized. Data of this kind may direct cessation efforts toward increased efficacy.
H ead and neck squamous cell carcinoma (HNSCC) represents a group of tumors that is strongly associated with tobacco use. While human papillomavirus has recently been identified as a frequent cause of oropharyngeal cancers, most head and neck cancers in the oral cavity, larynx, hypopharynx (any many in the oropharynx) are associated with tobacco use. 1 While many smokers cease their tobacco use following a cancer diagnosis, complete tobacco cessation is far from given among patients with cancer, including those with HNSCC. [2] [3] [4] For example, when considering smokers with HNSCC, 54% to 69% demonstrate cessation for some period around the time of diagnosis, while the remainder continue smoking. [5] [6] [7] When considering smokers developing lung and/or head and neck cancer, a recent systematic review revealed that, while there is variability between studies, 9% to 55% of those developing these cancers will persistently smoke after diagnosis or relapse after temporarily quitting. Thus, patients who continue to smoke and those that relapse make up a significant fraction of smokers with HNSCC. Naturally, there is great interest in effective measures for smoking cessation among patients with head and neck cancers. One of the most important reasons for this is that those who continue to smoke during and after treatment for head and neck cancer experience worsened outcomes with regard to cancer control and overall survival compared with those who quit prior to treatment. [8] [9] [10] [11] Prior work has shown that overall survival decreases by more than half among those who continue to smoke during and after treatment for HNSCC. One component of the poorer outcomes seen in those patients who continue to smoke after cancer treatment pertains to the development of second primary tumors. Patients with HNSCC who continue to smoke develop second primary tumors at significantly higher rates than those who quit. 12 Additional work has shown that the relative risk of mortality among those who quit is 0.6 compared with those who continue to smoke. 13 Prior studies 7, 14 examining patients with cancer found that smokers were more likely to successfully quit after diagnosis if they reported more cessation attempts in the prior year. While it is possible that many smokers who ultimately develop HNSCC have made attempts at tobacco cessation, patterns of prediagnostic tobacco cessation attempts are poorly studied to date. Furthermore, the symptoms experienced by patients with HNSCC when attempting cessation have not been previously studied. A better understanding of prior patterns and effects of cessation exhibited in this population has the potential to inform more appropriate strategies for assisting patients with HNSCC to quit smoking. This is especially needed given the high number of smokers who continue to smoke after a diagnosis of HNSCC. 7 To better understand this group of smokers, we examined a cohort of cigarette smokers presenting with HNSCC to determine the frequency with which they attempted to quit over their lifetime, the symptoms they experienced during quit attempts, and which symptoms were most associated with their attempts at cessation.
Methods

Study Patients
This study was approved by the University of Minnesota institutional review board. Patients with HNSCC were identified and enrolled following informed consent during outpatient visits to the University of Minnesota OtolaryngologyHead and Neck Surgery Clinic with a new diagnosis of squamous cell carcinoma of the upper aerodigestive tract. This included tumors of the oral cavity, oropharynx, larynx, and hypopharynx. In some cases, cancers were first identified in our clinic, whereas in others, cancers were diagnosed at outside institutions and referred to our clinic for definitive management. Inclusion criteria included self-report of current daily smoking and having smoked at least 5 cigarettes per day for at least 5 years. A total of 123 smokers were eligible and enrolled in the study from February 2014 to May 2017.
Questionnaire
All patients completed questionnaires regarding their lifetime tobacco and alcohol use. The questionnaire is based on the Minnesota Nicotine Withdrawal Scale (MNWS). 15 Data collected included cigarettes per day, duration of use, alcoholic drinks per day, alcoholic frequency, and tumor-related variables such as subsite and stage. In addition, patients answered questions regarding their prior smoking cessation attempts, length of quit periods, and symptoms experienced during prior attempts at cessation. Patients were asked if they experienced 1 or more of the following, which comprised 8-symptom variables for analysis: restlessness, cravings, irritability, insomnia, anxiety, difficulty concentrating, increased appetite, and depression. All data were stored using double data entry on a secure server at the University of Minnesota. Meaning Our findings suggest that symptoms in C1 (increased appetite, cravings, and depression) might be more difficult for smokers to overcome in their smoking cessation attempts.
Statistical Analysis
days; 95% CIs were calculated by bootstrap in R version 3.4.0 for Windows (R Foundation). Principal Components Analysis (PCA) was used as a data reduction method to find underlying patterns behind a set of variables. The PCA algorithm creates a set of artificial variables known as "components" from a weighted combination of the original variables in such a way that the components capture the most amount of the original variation in the data. The weights, or "loadings," of the original variables can be thought of as their importance to that component. The main variables in a component can be thought as occurring together, or measuring a similar "construct." 16 We used the "scree plot" method to select the appropriate number of components. In this analysis, a Varimax rotated PCA (using the Psych package in R) was used for the 8 symptom variables to determine which symptoms are typically experienced together (ie, are present in the same component). As the symptom responses were binary (yes or no), polychoric correlations were used in the PCA. The weights were rotated through Varimax rotation to aid in the interpretability of the components. All analyses were conducted in R.
Results
Demographics
In total, 123 patients (smokers with HNSCC) were enrolled in the study. Demographic data are summarized in Table 1 . The mean age of enrolled cases was 59 years, 97 patients (79%) were men, and 23 (21%) were women (3 patients did not disclose sex).
Patients presented with squamous cell cancers of oral cavity
, and hypopharynx (n = 7 [6%]).
Tobacco Cessation
Patients smoked cigarettes at a mean rate of 15.6 cigarettes per day, and the mean duration of tobacco use was 29.1 years. The mean number of quit attempts prior to HNSCC diagnosis was 6.6, and the range was 0 to 50: 48 patients reported 0 to 3 attempts; 39, 4 to 9 attempts; and 22 cases, more than 10 attempts. Of those reporting 0 to 3 prior quit attempts (n = 48), 15 had no prior cessation attempts. Patients were queried regarding the maximum number of days they had previously successfully quit smoking (although all were smoking at time of enrollment). Of those who had successfully quit previously, the median (interquartile range [IQR]) duration was 25.5 (4.0-172.5) days. Fourteen patients were able to quit for 8 to 29 days; 22, 1 to 3 months; and 19, 4 to 12 months. Twelve patients quit for greater than 1 year, and 1 patient quit for 10 years before resuming smoking. Eighty-seven patients achieved at least 1 day of cessation. The relationship between number of cessation attempts and maximum quit days was analyzed via Spearman correlation. This revealed a strong positive association between these 2 variables (r = 0.45; 95% CI, 0.26-0.63) ( Figure 1 ).
Symptom Components
Patients were queried regarding 8 symptoms experienced during cessation attempts ( Table 2 ). The symptom most commonly experienced was cravings, followed by restlessness, irritability, and anxiety. We examined the correlation between the symptoms experienced and the following variables: (1) total number of quit attempts, and (2) maximum number of quit days ( Table 3) . Principal Components Analysis revealed that symptoms clustered into 2 components. The symptom components, with related weights for each symptom, are depicted in Figure 2 . The magnitude of the weight indicates how strongly the symptom is related to its component, with 1 being the strongest. Because all of the weights are positive, all of the symptoms are positively related to their corresponding component. The first component group (C1) of symptoms included cravings, depression, and increased appetite. The second component group (C2) included restlessness, irritability, insomnia, anxiety, and difficulty concentrating. Only C2 was significantly correlated with number of quit attempts although the Spearman correlation was only modestly positive at 0.268 (95% CI, 0.07 to 0.45). There was also a significant relationship between the total number of symptoms experienced and the number of quit attempts made (r = 0.209; 95% CI, −0.01 to 0.41). When examining individual reported symptoms, only irritability (r = 0.198; 95% CI, 0.01 to 0.38), feeling depressed (r = 0.206; 95% CI, −0.01 to 0.41), and increased appetite (r = 0.207; 95% CI, 0.02 to 0.37) were significantly correlated with number of quit attempts. None of the symptoms were significantly correlated with maximum number of quit days. The latter analy- sis was performed without use of the PCA analysis, but rather studied the correlation of the total symptoms experienced with the outcome variables.
Discussion
From the perspective of clinicians, tobacco cessation is a priority for every patient who smokes. At the time of a cancer diagnosis, many patients are able to find the strength and motivation to quit smoking while others continue to smoke during and after treatment. The ability to quit prior to cancer treatment has significant repercussions, with successful quitters achieving improved survival outcomes. 8, 9 The latter finding has been confirmed in a systematic review as well. 11 Furthermore, a study of over 5600 patients with head and neck cancer in Ireland 10 showed that current smokers had a significantly raised rate of death from cancer, and the use of radiotherapy or chemotherapy did not modify the effect of smoking. Thus, smoking status at diagnosis is an important factor in the outcomes of patients diagnosed with HNSCC. Given prior data indicating a greater likelihood of smoking cessation among patients with cancer who have made prior attempts, we examined a cohort of smokers diagnosed with HNSCC to better understand their history of tobacco cessation attempts. Through analysis of demographic and questionnaire data, we were able to analyze tobacco use history, prior attempts to quit, and levels of success previously achieved through maximum prior quit period. In addition, we analyzed a series of symptoms commonly experienced during cessation attempts to better identify which symptoms occurred together most often and which symptoms were most commonly reported in this group of smokers. First, our results suggest that smokers who develop HNSCC generally have a history of multiple prior attempts at cessation. Only 14% of cases reported never having made an attempt to quit smoking in their lifetime. Furthermore, 57% reported making 4 or more attempts. Thus, while all of the patients in this study were smoking at the time of their HNSCC diagnosis, it was often after multiple unsuccessful efforts or short-lived periods of cessation. This is similar to figures in the general US population where in 2013, approximately two-thirds of all adult smokers reported attempting to quit in the past year. 17 For the large proportion of patients who did attempt cessation, many were able to quit smoking for several weeks, months, or even years. Eighty four percent of patients achieved some duration of abstinence (1 day or greater), and it is notable that many were able to quit for one month or more. Despite this limited success, all patients eventually went back to smoking and continued until their diagnosis of HNSCC. The obstacles to tobacco cessation among cancer The principal component analysis of symptoms in patients resulted in clustering of symptoms most commonly experienced together. These were divided into component group 1 (C1), which included increased appetite, cravings, and depression, and component group 2 (C2), which included restlessness, irritability, anxiety, and difficulty concentrating. The coefficients represent the Varimax rotated weights.
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patients have been previously studied to some degree. Schnoll et al 18 studied a group of 111 patients with cancer entering a smoking cessation program. They found that this group of patients most commonly had head and neck, rather than lung, cancer, and although they were highly addicted to nicotine, they were contemplating a change in tobacco use. Furthermore, most of these patients attempted to quit without formal treatment, but those who did seek treatment methods most commonly used the nicotine patch, nicotine, or bupropion. The authors identified the importance of self-motivation and self-efficacy in achieving successful abstinence such that smoking cessation treatments for patients with cancer should include pharmacotherapy, relapse prevention, and counseling. 19 The social environment surrounding a smoker is also important in determining a smoker's likelihood of cessation. A prior study of 295 smokers with HNSCC found that those consuming less alcohol, shorter lifetime smoking duration, those without spousal smoking, and those having few friends who smoked were more likely to quit after diagnosis. 20 This data suggests that smoking cessation efforts must address the smoker while also paying close attention to factors in the smoker's environment, which may make abstinence more difficult. Existing literature suggests that there is a linear relationship between duration of cessation and likelihood of remaining abstinent. 21 In the general population, only about 12% of those who quit for less than 1 month remain abstinent. This figure increases to 25% for those who are able to quit between 1 and 3 months and to greater than 50% for those who quit for 3 months or more. Our study population is not readily comparable to the general public because of our selection criteria mandating enrollment of active smokers. Still, it does illustrate the difference in quit rates between our study population and smokers in general. With regard to the previously reported association between number of quit attempts and later success in abstinence, 7 our population is not easy to compare because, again, we selected for those who were actively smoking. Nevertheless, the strong correlation between number of quit attempts and maximum quit days in our study suggests that those who try to quit more often did have greater success in achieving tobacco-free periods. Analysis of the symptoms experienced during cessation attempts revealed interesting patterns. The symptom of cravings for additional cigarettes was the most commonly reported symptom overall. Following cravings, the most commonly experienced symptoms were restlessness, irritability, and anxiety. For purposes of comparison, depression and anxiety have been previously reported to be present in nearly 19% of unsuccessful quitters, 22 and that finding is nearly identical to the percentage of patients reporting depression during quit attempts in our sample (20%). Furthermore, it seems likely that depression and depressive episodes display a complex interaction with smoking. A study of over 73 000 respondents from the National Survey on Drug Use and Health revealed that persons with a self-reported lifetime history of depression, anxiety, anxiety with depression, or major depressive episode are more likely to be current smokers, smoke with higher intensity and frequency, have more dependence, and have lower success at quitting compared with those persons without a similar depressive history. 23 Thus, it may be that depression is a result of smoking or unsuccessful quitting in some cases, while in other persons it may be the cause of persistent smoking or initiation in the first place. The PCA allowed us to identify which symptoms occurred together most commonly. The first component of symptoms (ie, C1) included increased appetite, cravings, and depression. These symptoms were strongly correlated with each other and thus tended to occur in the same patients. The second component (ie, C2) was made up of restlessness, irritability, insomnia, anxiety, and difficulty concentrating. There is scant existing literature regarding the "clustering" of symptoms among smokers during cessation, but prior work using the MNWS has confirmed that symptoms tend to coalesce as a syndrome over time. As a result, although we have little ability to compare the PCA in this study with similar work performed in the past, there is prior evidence of symptom clustering as seen in our study. This finding informs efforts at addressing obstacles to tobacco cessation in smokers with HNSCC. For example, preexisting knowledge of C2 symptoms might allow clinicians to preemptively address depression in smokers who report significant problems with cravings. Similarly, smokers reporting some of the symptoms in C1 might be treated with a short course of antianxiety medications to address their anticipated symptom complex and assist their cessation attempt.
In addition to understanding which symptoms occurred together most commonly, we examined the relationship between symptoms and cessation-related variables. Each component was studied for correlation with the number of quit attempts and the maximum quit days reported. This analysis suggested that C2, but not C1, symptoms were positively correlated with the number of quit attempts reported. Also, C2 did not show a significant correlation with maximum number of quit days. In contrast, C1 symptoms were not correlated with quit attempts or maximum quit days. One possible interpretation of this result is that C1 symptoms were more bothersome to smokers trying to quit such that experiencing these symptoms made users less likely to achieve longer periods of abstinence. The same reasoning would suggest that C2 symptoms were more tolerable such that the users experiencing them were more likely to make additional quit attempts or that failing multiple attempts to quit leads to depression. Alternatively, this data could be interpreted to indicate that C2 symptoms were more difficult to overcome and thus resulted in a high number of unsuccessful attempts. Examining the correlation of all symptoms together with both number of quit attempts and maximum quit days shows significant correlation only with number of quit attempts. However, given the finding that C2 is correlated with number of quit attempts, it is safe to assume that the weight of these C2 symptoms is the main driver of this statistical finding. To more rigorously address the relationship between specific symptoms and their relationship to a smoker's likelihood to make additional quit attempts and/or attain longer periods of abstinence, a prospective study would ideally be performed. Still, it is a step forward to begin to understand the relationship between symptoms experienced during smoking cessation and the level of success achieved in those who develop HNSCC.
